made to correlate changes in lipid metabolism with morphologic developments. High incorporation into phospholipids and cholesterol coincided in time with the extensive membrane synthesis required for cell attachment and process extension. Differentiation of these newly formed membranes, as assessed by the incorporation of myelin-characteristic glycolipids, galactocerebrosides, and sulfatides, occurred at a time when an intricate network of processes had already been established. The sequence of metabolic events observed in vitro parallels that observed at the onset of myelinogenesis in vivo. We postulate that mature oligodendrocytes can reenact those early events associated with myelinogenesis.
[14C]acetate or [3H] galactose/'SO'T. The cells were harvested 72 hr later and lipids were fractionated using standard procedures. The time course of incorporation for each precursor was distinct. In the days after attachment to substratum, oligodendrocytes preferentially incorporated [3H]glycerol into phospholipids and [14C]acetate into cholesterol while uptake of 5so4-and
[3H]galactose into glycolipids was modest. A switch in phospholipid metabolism from preferential incorporation into phosphatidylcholine to incorporation into phosphatidylethanolamine, phosphatidylserine, and phosphatidylinositol occurred at about the 10th day in vitro. After 20 days, uptake of [3H]glycerol into phospholipids and ['4C]acetate into cholesterol had stabilized but incorporation of 35SO4-into glycolipids had increased. 35SO4-incorporation into glycolipids was even greater at 35 than at 20 days.
Uptake of [3H]galactose did not change over time. An attempt was made to correlate changes in lipid metabolism with morphologic developments. High incorporation into phospholipids and cholesterol coincided in time with the extensive membrane synthesis required for cell attachment and process extension. Differentiation of these newly formed membranes, as assessed by the incorporation of myelin-characteristic glycolipids, galactocerebrosides, and sulfatides, occurred at a time when an intricate network of processes had already been established. The sequence of metabolic events observed in vitro parallels that observed at the onset of myelinogenesis in vivo. We postulate that mature oligodendrocytes can reenact those early events associated with myelinogenesis.
Oligodendrocytes (OLG) synthesize membranes that enwrap axons; by fusion these membranes form myelin (1 Another type of OLG heterogeneity, based on ultrastructural features, has come to light: three prototypes have been described (6, 7) . It is believed that these types represent stages in the process of maturation of OLG. Although these observations have been made only on murine species and their general validity remains unproven, the fact that myelin changes in composition after its initial deposition, a process referred to as maturation (4) , has led to the hypothesis of specialization among the OLG subgroups. It has been suggested that young OLG assemble myelin while mature ones maintain it (8, 9) . This formulation presupposes that OLG change from a metabolism suitable for membrane synthesis to one geared to myelin maintenance. Whether these changes are reversible is a question of significance, because it bears on the issue of the capacity of OLG to remyelinate.
There is evidence that the onset of myelination is heralded by a cascade of events, morphological, ultrastructural, and biochemical, in OLG. These events reach their maxima midway through myelination and then subside. Once the framework of myelin has been set up, architectural remodeling goes on for months to years depending on the species (4). Thus, perhaps the proper question is not whether there is a change in metabolism; clearly there must be, but rather, is it reversible? Can mature OLG be induced to relive the early episodes of myelination? The availability of procedures to isolate OLG from mature (10) (11) (12) (13) (14) and immature (15, 16) brains and to keep them in long-term culture permits addressing some of these questions.
We have improved our procedure for OLG isolation to yield a highly purified (99%) population that can be kept in culture with no loss in purity over time (17) PtdEtn, phosphatidylethanolamine; PtdSer, phosphatidylserine; PtdIns, phosphatidylinositol; GalCer, galactocerebrosides.
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MATERIAL AND METHODS
Isolation of OLG. OLG were isolated from ovine white matter according to a published procedure (9, 11) with the following modification: the crude cell suspension (P-i) was applied to a linear gradient of 1.0 M sucrose to 1.15 M sucrose/4% (wt/ vol) dextran 70, all dissolved in Hanks' balanced salt solution (Hanks' solution) at half strength, and centrifuged at 1,020 X g for 10 min. Three bands separate on this gradient (11); only cells from band 3 were used for the experiments described here. Cells were removed from the gradient, diluted by slow addition of 1 vol of Hanks' solution, centrifuged at 700 x g for 5 min, washed once with Hanks' solution, and centrifuged again.
Cell Culture. Detailed descriptions have been given elsewhere (12, 17) . Briefly, a pellet of freshly isolated cells was suspended in Dulbecco's modified Eagle's medium/20% horse serum/2 mM glutamine supplemented with antibiotics (Amphotericin B at 0.3 ,ug/ml and garamycin at 12.4 pug/ml) and plated at 2 x 106 cells/ml in Petri dishes. Cultures were maintained in an incubator at 370C in 95% C02/5% air at 90% humidity. Approximately 40% of the cells attach to the Petri dish under these conditions; the remainder form small floating clusters that we refer to as B-3,f OLG. These cells were left to float for 96 hr, then the supernatant containing them was removed and centrifuged, and the.cell pellet was collected. (Fig. 1) ., In contrast, uptake of the other precursors registered increases fromn the start (Fig. 1) . It is important to correlate these observations with morphological events: the measurements taken at day 4 correspond to B-3,f OLG in the floating state (Fig. 2a) ; at day 7, the cells have attached and begun to extend processes. Thus, the burst in synthesis of PL coincides with drastic morphological changes that require substantial formation of membranes. The short lag in the synthesis of cholesterol at this time is, per se, intriguing. The morphological development of the cells peaks at 20-25 days as judged by the profuse network of processes seen at this time (Fig. 2 b-d) and. by the formation of tight junctions between adjoining cells (18) . Events at the biochemical level are con-. sistent with the idea that this represents a turning point towards membrane differentiation.
The distribution of [3H]glycerol among the various PL is also of significance (Fig. 3A) : forthe first 10 days in vitro, B-3,f OLG direct the bulk of this label into phosphatidylcholine (PtdCho), only small amounts being incorporated into other PL. Beyond day 10, dramatic changes take place: incorporation of (3H)glycerol into PtdCho decreases while incorporation into PtdEtn, PtdSer, and phosphatidylinositol (PtdIns) increases. After 20 days, the intake of label for most PL examined remains relatively constant except for PtdIns, which decreases, and PtdEtn plus PtdSer, which increase, though more slowly than before (Fig. 3A) . Little [3H]glycerol is incorporated into either sphingomyelin or lysolecithin.
A different perspective is obtained when incorporation of
["4C]OAc is followed (Fig. 3B) . Here, sphingomyelin appears as an important acceptor of label, second only to PtdCho. The time course of the latter is basically the same for both labels, though the magnitudes differ. The same holds for PtdIns. Little
[14C]OAc is incorporated into PtdEtn and PtdSer (Fig. 3B) .
Among the NL, cholesterol is the leading compound for both It has been suggested that the GL/PtdCho ratio is a measure of myelin maturation (4) . In this context, it is pertinent to compare the evolution of sulfatide taken as a representative for GL (Fig. 1) . Further differentiation of these newly formed membranes, as assessed by incorporation of myelin-characteristic GL, GalCer, and sulfatides, occurs at a slower rate. These (4, 22, 23 (Fig. 3A) . PL, NL, and GL account for almost all lipids present in OLG and myelin (4, 24, 25 (18) . The cells express myelin basic protein (12) and myelin-associated glycoprotein (17) . We have measured the specific activity of 2',3' cyclic nucleotide 3'-phosphodiesterase as a function of time in culture; specific activity stays high throughout, typically, [5] [6] (gmol/min)/mg of protein (17) . Drastic 
